In the study of air-borne bacteria and the factors affecting their survival, bacterial suspensions are customarily sprayed as liquid cultures into cloud chambers designed to permit long-term observations on the resulting aerosols. The clouds are tested at intervals, for periods of several days in some instances, using a variety of mechanical samplers to draw air from the chambers. Accurate enumeration of organisms in each air sample, however, is dependent upon proper selection of a nutrient agar medium on which visible colony observations may be made. It is suggested that bacteria undergoing aging in the air-borne state might thereby suffer some degree of loss of synthetic ability and become progressively less able to adapt and grow in any other than an ideal nutritional environment. Stated more precisely, an artificial culture medium, suitable for viability determinations in young organisms, might be inadequate for cells rendered less vigorous by aging. In such a case, the presence of viable cells in aged aerosols would remain undetected, and samples would reflect a false aerosol decay rate. This hypothesis arose from the observation that colonies of Pasteurella tularensis grew more slowly on a nutrient agar when bacteria were derived from 24-hr-old aerosols than from those in freshly prepared cultures or younger clouds. An additional 12 to 24 hr of incubation was consistently required to achieve comparable colony size. It could thus be suspected that some of the aged cells impinged on the agar had altered to an even greater extent and might have become completely incapable of subsequent colony formation.
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in determining viability of young or aged and injured Pasteurella tularensis. In addition, it is shown that aerosol aging results in a marked decrease in virulence when assessed by direct inhalatory challenge but not when measured on cells collected from the same aerosol by intraperitoneal inoculation of mice.
MATERIALS AND METHODS
The strain Schu of P. tularensis was employed. The sampling media used were a blood-free medium developed by Won (1957) or a glucoseeysteine agar containing thiamine (BBL no. 01-531). Stock slants were maintained at 4 C on Won's agar medium. Cultures were prepared as second pass growth in Won's broth, which were shaken for 24 hr at 37 C. Viable counts, as measured on agar plates, ranged from 1 to 4 X 1010 organisms per ml.
Aerosol studies were conducted in the aerosol drum described by Goldberg et al. (1958) . This paper also describes the methods of aerosol generation, sampling, and animal exposure which were used in the present work. For collection of air-borne bacteria, liquid impingers containing 20 ml of Won's broth were used. The impingers were operated for 2 min and collected the bacteria contained in 25 liters of air. The impinger fluid was then serially diluted in Won's broth and used for seeding of agar plates or for intraperitoneal challenge of mice. Each plate and mouse was given 0.2 ml of suspension with a 23 gauge needle and 2.0-ml hypodermic syringe. The LD5o values were derived according to the method of Goldberg et al. (1954) . For the experiments in which mortality in groups of 25 animals was tested in parallel with colonial growth on an equal number of agar plates, the same needle and syringe was used throughout to minimize possible errors in volume delivery.
In addition to holding in the air-borne state, organisms were also partially desiccated and aged by subsequent storage on small stainless steel strips. The strips were prepared and treated as follows: 0.025 ml of a freshly grown culture of P. tularensis was placed on each of several strips. After spreading, the liquid was allowed to air dry for 15 min. The strips were then placed into desiccator jars and the jars placed into incubators adjusted to various test temperatures. Relative humidity in the jars was controlled by varying concentrations of sulfuric acid according to the method of Friedman et al. (1956) . To collect the bacteria after various storage times, the strips were washed in 10 ml of a 1.0 per cent peptone solution. Washed samples were then serially diluted and used for plate seeding or for challenge of mice.
To provide a different form of stress, organisms were "injured" by treatment with a laboratory disinfectant. The bacteria were held in a 0.1 per cent (v /v) solution of 10 per cent benzalkonium chloride (USP) at 21 C. After 8 min exposure, the disinfectant was neutralized with letheen broth (Quisno, Gibby, and Foter, 1946) , and the cell suspension used for seeding of plates or animal injection as described above.
RESULTS AND DISCUSSION
Prior to 1945, no suitable nutrient agar was available for determination of viability in P. tularensis, and numbers of organisms were measured by titration in mice. Between 1945 and 1947, however, several workers described development of solid nutrient media. Larson, in 1945, com- or more by intraperitoneal injection will die. In a second experiment, a freshly prepared culture was serially diluted to a level at which 0.2 ml of suspension contained about 1 organism. Using a series of several dilutions to assure obtaining the 1 organism value, mice in parallel with Won's agar plates were each injected or seeded with 0.2 ml of suspension. The plates were incubated for 48 hr and observed for colony Table 3 also shows, however, that in mice exposed by inhalation to air-borne cells, the respiratory LD5o rose more than 10-fold in similar time periods. The LD5o had increased from 19 cells initially to 780 cells at 6 hr. No appreciable additional loss in virulence occurred after the 6-hr interval. Such data indicated that an alteration in the bacteria had indeed occurred during aging, namely, that the older cells had become less able to overcome the host animal's natural defenses against initiation of infection in a respiratory challenge. The alteration remained undetected, however, when virulence was measured by intraperitoneal inoculation, since the infectiveness of the cells, under these conditions, remained apparently unchanged. Other mouse versus agar plate experiments on aged or injured bacteria included the following: a) Partially desiccated organisms were stored on metal strips, under conditions of humidity favoring survival, at 37 C for 24 hr prior to study. Other strips were held at 15 C for 14 days. Both treatments resulted in an approximate 100,000-fold viability decrease. b) Bacteria were used following exposure to benzalkonium chloride, which caused a 100-fold viability decrease. c) Lyophilized organisms, which also showed an approximate 100-fold viability decrease from the original second pass culture, were reconstituted immediately after lyophilization and used as above. The data indicated, in each of the three experiments, that positive reactors in Won's agar plates occurred no less frequently than deaths in the mice and that there was no real difference in the response of the treated bacteria to either sampling method.
The two agar media thus appeared to be suitable for supporting growth of aged P. tularensis. Despite the subjection of bacteria to various types of relatively harsh treatment, producing marked viability loss and possible severe injury to survivors, the organisms were apparently able to adapt for growth on these artificial media as well as in a living host.
When assaying any pathogenic bacterial population, however, the animal host as a test medium has one inherent advantage over artificial growth media. The animal responds only to the virulent organisms. The growth medium detects in a less restrictive manner. In the case of P. tularensis, in which agar plate counts were related to intraperitoneal injection of mice, the assays were in agreement. The conclusion is based on the observed parallelism between the response of plates and animals to equivalent dosages of the test organism. When plate counts were compared to mortality after respiratory challenge with aged cells, however, the parallelism was lost. A number of cells capable of growth and colony formation on the agar media was apparently no longer able to initiate a successful infection in the host animal.
Such results indicate the risk in assuming that an assay method found suitable for an organism in one circumstance will also be adequate for the organism in any other. The need is thus pointed up for critically evaluating the means for detecting viable organisms whenever experimental treatment produces apparent losses in bacterial viability or virulence.
SUMMARY
An artificial medium developed for routine viability determinations of Pasteurella tularensis also proved suitable for sampling organisms which were treated to result in marked viability decrease and possible injury to surviving cells. Treatments included aging in the air-borne state, partial desiccation followed by storage, exposure to a disinfectant, or lyophilization. The equivalence of the nutrient agar and a living animal host for detecting viability in the treated organisms was shown.
Losses in infectivity of aged air-borne bacteria, however, were detected only in mice challenged via the respiratory route. No such decreases were demonstrated when virulence was measured by intraperitoneal challenge.
